









. . '  . .  
I 
.- . . 
THE UPPER ATMOSPHERE OF MA& 
! '  
bY 
I 
( D l  
5 6 .  #.Hi GROSS 
Io 
0 IrJ 
0 A i r b o r n e  Instruments Laboratory, r .  
Melville, New York 
. . 
_. . ,  
W. E. F O V E R N  
New York  dniversity, 
Department of M q t e o r o l o g y  and Oceanography, 
New Y o r k ,  New York . 
. .  s. I. RASOOL 
d d a r d  Space Flight Center, . ' .  Inrtitute for Space Studies, NASA, 






!,:' . .  
, . _ .  , ' 
, ;. , . . .  
, i  , . . .  
. .  
between 400 - 700 OK. The origin of the 
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THE UPPER ATMOSPHERE OF MARS 
(*) and the  
I 
The r e c e n t  spectroscopic  measurements ' ' .  t 
,* ! 
' r e su ' l t s  of the  Mariner IV occu l t a t ion  experiment(3) in- ' '. 
dicate that the atmosphere of Mars may be mainly compose3 , 
of CO with a total  atmospheric. pressure a t  the  surface of 8 , ' I  
\ -  
2 
5 . -  10  mb. Using t h i s  model w e  have ca lcu la ted  ehe thermal' ' 
s t r u c t u r e  of the upper atmosphere. The r e s u l t s  i n d i c a t e  . 




1 ,  .(Figure 1) The temperature p r o f i l e  is  c o n s i s t e n t  with t h e  ' )'I 1 
$ 1  . I ,  / * .  
. I  
I . . temperature deduced from the Mariner I V  occu l t a t ion  experi-  , . , .: i 
of computation ,and the basic aasumpkF_ons 
a l c u l a t i o n s  are as follows: It is assu 
I 
that  the  aver temperature of the p l ane t  a t  t h e  su r face  
ower  atmosphere up to 80 km is i n  radiative 
I .  
equi l ibr ium, and t h e  temperature p r o f i l e  for t h i s  region 1 1  
. I  *'. I 
. has been ca lcu la ted  from the method described by Prabhakara 
and Hogan(4). A t  t h i s  level the d i s s o c i a t i o n  of C02 by the- ' "  
, 
/ 
. I  
"solar u l t r a v i o l e t  becomes e f f e c t i v e  and w e  assume that above 
*' 80 k m  the d i s soc ia t ion  products of COz8 viz.., CO and O8 are ' 
I ,  
I ,  
' i n  d i f f u s i v e  equilibrium. 
c The temperature s t r u c t u r e  i n  t h e  thermosphere and I, 1 
. I .* 
exosphere 'is ca lcu la t ed  by the  method described i n  detail  
by ~hamberlain( ' )  , ~ c ~ l r o y ,  L'Ecuyer and Chamberlain ( 6 )  8 
and Rasool, G r o s s  and M c G ~ v e r n ' ~ ) ,  The inpu t  of energy i n  
I 
t h i s  zegion is mainly i n  the f a r  u l t r a v i o l e t  through the 
I 
2 i o n i z a t i o n  of atomic oxygen, w h i l e  t he  emission is by,CO 
' and CO. I t  has already been shown t h a t  the presence of CO 
., i n  the upper atmosphere i smex t reme ly  effective i n  reducing 
the exospheric temperature.mainly because the emission is 
proport ional  t o  T2 (6) . 
Martian - exosphere i s  a t  a temperature as l o w  as 550 K . 
a r t h  where Tex - 1500 OK. 
K i n  t he .va lus  of T for Mars as shown i n  
from the unce r t a in t i e s  i n  the value of t h e  
.' 
I t  is for t h i s  reason that  the 
0 
The l a r g e  uncer- 
ex 
Figure 1 res 
solar f l u x  i e x t i b e  u l t r a v i o l e t ,  t h e  exact fraction of 
goes i n t o  heat ing,  and also the l e v e l  a t  
which CO ra  n becomes e f f ec t ive .  
as shown i n  Figure I, differ considerably 
.from t h e  temperature p r o f i l e  for  Mars r e c e n t l y  published by 
(8  1 
. 
Johnson i n  which the upper atmosphere i s  isothermal  a t  
Johnson's value for the temperature i s  der ived  fr ' 85 OK. 
- the  observa t ion 'of  Mariner IV'S occu l t a t ion  experiment t h a t  
t he  e l e c t r o n  dens i ty  scale height  above 125 km on Mars i s  
25 km. The n e u t r a l  gas  d e n s i t y . s c a l e  he igh t  w i l l  then be 
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isothermal ' 12.5'km. If t he  p r inc ipa l  + i o n , i s  0 , then f o r  an 
' atmosphere the temperature should be 85 OK. 'However, it 
must be pointed out  t h a t  if there  is a pos i t i ve  temperaturel I 
. gradien t ,  then the a c t u a l  s ca l e  he ight  i n  I t he  atmosphere can / . *  . 
' be much l a r g e r  than the isothermal scale height .  For an atmos- 
- phere i n  hydros t a t i c  eQuilibrium, the  t w o  s ca lg  he ights ,  H , 
and H' (ac tua l  and isothermal) ,  are r e l a t e d  by t h e  following 
4 
I .  
. ., - expression: 
" 
I H =  
. ,  _ .  ' - T  dz =a?! 
-- b - 
dT sumes - =  dz 0 and therefore  i n f e r s  t h a t  
4 H = H' = 25 qf But,  as seen from Equation (l), depending , 
I;' - -  
- 1  
% . on t h e  temperature grad ien t  and the  actual temperature of - . r l  I 
$ 8  . f o r  example, we assume t h a t ,  i n  the atmospheric region ex- 
* .  plored by M a r i  
I- 
. .  
= 2 O K h m  (Figure 1) and T125 km = 150 OR, then 
< 3 1 2 5  km - -  
I '  f o r  H' = 25 Ian, H = 37.5 km. This scale he ight  w i l l  be con- e~ 
- s i s t e n t  with an atomic oxygen atmosphere a t  T 150 OK. 
The calculated temperature a t  125, km a l t i t u d e  (Figure 1)  




. i  
, winter  hemisphere, i n  the local afternoon. 0 "  
It the re fo re  seems clear t h a t  Johnson'e model is based . ' 
on only  one of several ways i n  ,which the electron dens i ty .  
scale he ight  measurements can be in t e rp re t ed .  It has  the  ' 
f u r t h e r  disadvantage of put t ing s t r i n g e n t  requirements on 
.. , I'  
~ , a  
I 
t h e  energe'tica of the thermosphere. An 
phere implies  t h a t  a t  each heiuht; 8 t h e  
- -- 
Q u f t r a x r o l e t  r a d i a t i o n  exac t ly  equals  
I t  is d i f f i c u l t  'and CO at ikhat '  height .  
isothermal  thermo- 
amount of. a b s o r p t i  
the emission by C02 
to see how t h i s  
rhood 'of 550 OK has some i n t e r e s t i n g  i m -  
caped, the, residual atmosphere w i l l  be mainly composed 
I of C02 wifh r e l a t i v e l y  small but s u b s t a n t i a l  amounts of 
de and N2 ('). If t h i s  is the process by which t h e  atmos- 
phere of Mars.has evolvedr then t h e  exospheric temperature . 
on Mars should be grea te r  than t h e  escape temperature for. 
~ e ,  but  less than the  escape temperature for 0,  i.e.8 
1100 > Tex > 250 OK. A l s o ,  i f  the total  amount of C02 in 
the  Martian atmosphere is 5 m b ,  then from t h e  cosmic 
abundance table it ' follows t h a t  there must also be a t  least 
2 m b  of N e  and 1 m b  of N 2 i n  t h e  a t m ~ s p h e r e ' ~ )  . Both thee; 
. .  
' * ,  
. 4  
. 
, 
1 ,  
* .  
, 
, g a s k  are d i f f i c u l t  to  observe from t h e  e a r t h r  arid t h e i r  / 
, 
' *  
,i e t  i n  t h e ' n e x t  f e w  years.  
proposed the  a l t e r n a t i v e  hypothesis  tha 
phere of Mars is a r e s u l t  of outgassing 
. This w i l l  imply that the atmospheric . 
. . pressure on Mars w a s  never g r e a t e r  than the p r e s e n k x a l  
I .  ' * of '10 m b  and that there must be l a r g e  q u a n t i t i e s  .of 
( 8 )  .., ' water present  under t h e  surface of Mars . 
* > * .  
1 
' I 
Only t h e  f u t u r e  flybys and landers  on Mars w i l l  be able' 
I )  
t o  test these conjectures  by measuring t h e  exospheric ' t em-  
I . i  
. I  
. I  
. .  
. I  
pera turer  searching for rare gases by mas8 spectrometerr 
' .atmdsphere,are not only of profound scientific interest, 
\ . . )  I ' 3  
. .  
' , but are also of the greatest general' and philosophical ira- ' , Y '  
/ ;J 
portance because they.relate to the primitive physical enor 
vironment of the planets and the circumstances under which' : 
I / I  
life may have developed on the earth and on other bodies in 
. 
I . .  .I 
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